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METHOD FOR PRODUCING 
METALLICALLY ENCAPSULATED 

CERAMIC ARMOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 61/194,765 ?led Sep. 30, 
2008, Which is incorporated herein by reference, and is a 
continuation-in-part of US. patent application Ser. No. 
12/214,345 ?led Jun. 18, 2008, Which still pending and is 
incorporated herein by reference and Which claims the bene?t 
of US. Provisional Patent Application Ser. No. 60/936,425 
?led Jun. 20, 2007. 

FIELD OF THE INVENTION 

The present invention relates to metallic encapsulation of 
lightweight ceramics for use in personnel and vehicular 
armor systems. More speci?cally, it relates to metallically 
encapsulated ceramic armor With enhanced ballistic e?i 
ciency, physical durability, multiple hit capability, structural 
integrity, and corrosion resistance. 

BACKGROUND OF THE INVENTION 

US. patent application Ser. No. 12/214,345, ?led Jun. 18, 
2008, Which is still pending and incorporated herein by ref 
erence, describes a method for producing armor through 
metallic encapsulation of a ceramic core. In summary, this 
method involves ?rst selecting a ceramic tile of the desired 
geometry; fabricating a conformal sheet metal container With 
dimensions modestly oversiZed relative to the ceramic tile; 
and placing the ceramic tile in the conformal sheet metal 
container and closing it. The closed conformal sheet metal 
container and a bed of granular material, Which serves as a 
pressure transmission vehicle, are placed in an isostatic pres 
suriZation chamber. After the isostatic pressuriZation con 
tainer is closed, degassed and hermetically sealed, it is sub 
jected to temperature and pressure cycles that cause diffusion 
bonding of the ceramic tile and the conformal sheet metal 
container. 

The method described in US. patent application Ser. No. 
12/214,345 has many advantages over the prior art. It is less 
complicated, less costly, capable of Working With a Wide 
range of metal and ceramic materials combinations, and also 
compatible With the requirements of reproducible and large 
scale manufacturing. HoWever, the method requires a hot 
isostatic pressuriZing step, or high pressure step, Which is 
complex and expensive. 

It is an object of the present invention to use loWer pressure 
methods for bonding metals, such as titanium, aluminum and 
magnesium, to ceramics, such as silicon carbide, boron car 
bide, titanium diboride, and alumina. LoWer pressure pro 
cessing methods Will alloW the use of loWer cost, much more 
Widely available, autoclaves or braZing furnaces. 

The use of these loWer pressure bonding methods is based 
on the use of a “Wetting” braZe With a relatively loW tempera 
ture melting point (herein de?ned as an “interlayer material”), 
as exempli?ed by aluminum 4047 alloy. Because it appears 
that an interlayer material, such as aluminum 4047 alloy, 
produces effective Wetting of both the metal and ceramic, the 
relatively loW melting point interlayer material produces an 
effective bonding. In other Words, it is not necessary to 
depend exclusively on diffusion bonding, as it is classically 
carried out in a hot isostatic press, Which entails use of rela 
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2 
tively high temperatures and high pressures, to initiate plastic 
How and chemical diffusional bonding at interface. In effect, 
a properly designed interlayer material With the right techni 
cal properties can achieve many of the same attributes that 
result from high pressure diffusion bonding. 
The present invention is a method for joining titanium, 

aluminum or magnesium sheet to armor ceramics using an 
autoclave fumace, Which Works at a feW hundred psi, or even 
a conventional braZing fumace, Which Works at atmospheric 
or slightly positive pressure. The key for making the loW 
pressure bonding Work is to have an interlayer material and a 
soft, ductile metallic foil “bag” (herein de?ned as a “metallic 
bag”) that can be vacuum sealed. The parts to be bonded, here 
a ceramic tile, an interlayer material and conformal sheet 
metal container, are placed in a metallic bag, the metallic bag 
is sealed and evacuated, and the metallic bag is placed into an 
autoclave or braZing furnace. 

SUMMARY OF THE INVENTION 

The present invention, as shoWn in the How chart in FIG. 1, 
is a method for producing metallically encapsulated ceramic 
armor. In summary, this method involves ?rst selecting a 
ceramic tile 1 of the desired ceramic and geometry; fabricat 
ing 2 a conformal sheet metal container of the desired metal 
With dimensions modestly oversiZed relative to the ceramic 
tile; placing 3 the ceramic tile and a selected interlayer mate 
rial in the conformal sheet metal container; and closing 4 the 
container. The closed conformal sheet metal container is 
placed 5 in a metallic bag. After the metallic bag is closed, 
degassed and hermetically sealed 6, it is heated 7 in an auto 
clave or braZing furnace. 
The present invention produces metallically encapsulated 

ceramic armor With excellent shear properties and good 
physical durability. Since the invention in its most basic form 
involves the use of commercially available sheet metal mate 
rial for encapsulation, the areal density of the encapsulated 
armor is extremely repeatable and controllable. It is limited 
only by the availability of suitable sheet metal products. The 
articles produced from this invention can also be produced 
With varying degrees of lateral or hydrostatic con?nement by 
simply varying the thickness and physical properties (i.e., 
coe?icient of thermal expansion, elastic modulus). Other 
properties such as corrosion resistance and Weldability can 
also be tailored to the engineering requirements of a given 
system by choosing a suitable pure metal or alloy. For 
example, metallically encapsulated ceramic armor With 
excellent corrosion resistance in marine or salt spray environ 
ments can be produced by using Grade 2 titanium or suitable 
alpha or beta titanium alloys as the encapsulating material, 
thus simplifying maintenance and logistical requirements for 
the armor system. 

It Will be understood that the present invention is not lim 
ited to being practiced With titanium, aluminum or magne 
sium alloys as the encapsulating material. Any metal layer 
that is thermodynamically compatible With the underlying 
ceramic tile and can be formed by standard sheet metal or 
similar metallurgical forming methods is a potential candi 
date. Among the metals that could be considered are titanium, 
aluminum, magnesium, steel, nickel, tantalum, Zirconium or 
niobium. Intimate contact and bonding, the degree of Which 
can be controlled by suitable application of processing 
parameters and interlayer material, is brought about by suit 
able temperature and pressure. The conditions needed to bond 
metallic encapsulating sheet metal layers, interlayer material 
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substrates, and ceramic armor substrates are developed for 
each materials combination of interest, largely based on fac 
tors such as melting point. 

Metallically encapsulated ceramic armor articles formed 
by the method of the present invention can have tailored 
thermal expansion and elastic modulus behavior providing 
for a controllable degree of lateral and/ or hydrostatic con?ne 
ment on the ceramic armor tiles to Which they are bonded. 
This affords the possibility to optimiZe a given materials 
system according to the dictates of a given penetration 
mechanics or ?nite element structural model. 

These and other features and advantages of the present 
invention Will be better understood by reading the folloWing 
detailed description of a preferred embodiment, taken 
together With the ?gures incorporated herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a How chart of the method of the present 
invention; 

FIG. 2 shoWs the sheet metal forming techniques used to 
produce a (double) encapsulated hexagonal ceramic tile 
array; 

FIG. 3 shoWs a metallic bag containing a curved ceramic 
armor tile in a conformal sheet metal container; and 

FIG. 4 shoWs a metallic bag containing a ?at ceramic armor 
tile in a conformal sheet metal container. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention is a method for metallic encapsula 
tion of ceramic tiles to produce armor. A preferred embodi 
ment of the method begins With selecting a ceramic tile of the 
desired geometry, Which may include, for example, a ?at 
plate or a torso plate. Examples of ceramic materials include, 
but are not limited to, silicon carbide, boron carbide, and 
alumina. The preferred embodiment here employs a silicon 
carbide tile. 

The preferred embodiment then comprises the fabrication 
of a conformal sheet metal container, Wherein suitable sheet 
or plate stock ranging from 0.005" (0.0127 cm) to 0.250" 
(0.635 cm) in thickness is made in the shape of the ceramic 
tile to be encapsulated. The sheet metal envelope can be 
formed by methods such as brake-forming, shearing, hydro 
forming, deep draWing, stamping or superplastic forming. 
The conformal sheet metal container is made With dimen 
sions that are modestly oversiZed relative to the ceramic tile 
[+0.005"-0.010" (0.0127-0.0254 cm)] so that the container 
?ts comfortably around the ceramic tile, facilitating easy 
assembly. An example of a sheet metal container design 10 
that alloWs for double encapsulation of individual hexago 
nally shaped ceramic tiles, as Well as a three-tile array, is 
shoWn in FIG. 2. This basic design can readily be adapted to 
different shapes such as rectangular or cylindrical tiles, as 
forming methods such as brake-forming, automated punch 
ing, stamping and spinning may be advantageously employed 
for fabrication of essentially an in?nite variety of sheet metal 
container shapes. Additionally metallic encapsulation of even 
larger tile arrays can be done by replicating unit cells of 
containers that enclose multiple ceramic tiles. 
Any suitable metal capable of being plastically formed 

using standard sheet metal forming techniques is a potential 
candidate for encapsulation of ceramic tiles to produce armor. 
Titanium, aluminum, and magnesium alloys have all been 
successfully employed, and it is obvious to those trained in 
the art that other metals, such as niobium, tantalum, copper, 
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4 
chromium, nickel, steel and Zirconium, Would also Work Well. 
The preferred embodiment here employs a titanium sheet 
metal container. 
The ceramic tile is then placed in the sheet metal container 

With a suitable interlayer material. The interlayer material 
“Wets” both the metal of the sheet metal container, in the 
preferred embodiment titanium, and the ceramic of the 
ceramic tile, in the preferred embodiment silicon carbide. By 
Wetting, it is meant that a molten drop of the interlayer mate 
rial on the metal or ceramic shoWs a sessile drop angle of less 
than ninety degrees. This means the droplet is spreading, 
probably chemically interacting With the metal and the 
ceramic, and ?oWing into narroW spaces Well. 
The interlayer material can be applied to the metal or 

ceramic as a paste or putty, if available in that form. Altema 
tively, some interlayer materials, such as aluminum 4047 
alloy, are available in the form of foil. In the preferred 
embodiment, in Which aluminum 4047 alloy foil is used, the 
entire package can be assembled like a sandWich With the 
sheets of interlayer material foil in betWeen the metal and the 
ceramic. The conformal sheet metal container is then closed, 
typically With a full-lap or half-lap joint applied on the ninety 
degree portions of the bend, as seen in FIG. 2. Such a fabri 
cation approach provides for full encapsulation of the 
ceramic tile edges and good lateral con?nement of the 
ceramic tile during impact. Edges are also protected against 
accidental impact using this container design. For initial ?t 
up purposes, tack Welds using TIG or MIG methods are 
typically employed at all open corner seams although this is 
not an absolute necessity for the encapsulation to function 
successfully. The sheet metal container is then tack-Welded to 
initial closure. 
The conformal sheet metal container is then placed in a 

metallic bag that is seam Welded and then evacuated. The 
metallic bag may be made out of a number of materials. It 
needs to have a high enough melting point to survive the 
bonding cycle (typically the melting point of the interlayer 
material); it needs to be amenable to vacuum-tight seam 
Welding; and it needs to have adequate ductility to survive 
furnace processing. Examples of suitable metallic bag mate 
rials include, but are not limited to, mild steel and stainless 
steel. The preferred embodiment here employs a stainless 
steel metallic bag. 

FIG. 3 shoWs a curved conformal sheet metal container 10 
holding a curved ceramic tile, and FIG. 4 shoWs a ?at con 
formal sheet metal container holding a ?at tile, each in a 
separate, individually vacuum sealed, metallic bag 11, 21, 
respectively. In the preferred embodiment, the silicon carbide 
ceramic tile and the 4047 alloy interlayer material are placed 
in the Ti conformal sheet metal container, Which is then put in 
a 0.002" stainless steel metallic bag that is seam Welded on 
three sides. The metallic bag is pumped out to remove all the 
air and moisture and then sealed When it is properly evacu 
ated. The sealed metallic bag can then go into a braZing 
furnace (Which effectively provides 15 psi of overpressure 
since the outside of the bag is at ambient pressure and the 
inside is under vacuum), or, alternatively, in a suitably 
equipped autoclave so as to provide a feW hundred psi of 
overpressure outside the bag. The metallic bag is typically 
held just above the melting point of the interlayer material. 
For a material such as aluminum 4047 alloy, Which has a 
eutectic melting composition of about 577 C, a preferred 
embodiment customarily bonds at temperatures of about 600 
C. AnyWhere from about 1 5-20 C above the interlayer melting 
point is typical. When the interlayer material melts, it ?oWs 
and bonds the ceramic tile and the sheet metal together. 
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The mechanism of interlayer material bonding to the metal 
and the ceramic is via formation of intermetallic or interme 
diate phases that chemically bond the interlayer material to 
the ceramic and the metal. In the case of the aluminum 4047 
alloy (Which is 88% aluminum and 12% silicon) of the pre 
ferred embodiment, on silicon carbide, one Would expect 
some mullite (SiO2:Al203), some Al4C3 and possibly some 
free Si. On titanium, one Would expect phases like TiAl, 
Al3Ti, TiSi2, etc. Which Will form during the brazing process. 
This Will also promote bonding, Which needs some chemical 
interdiffusion of the interlayer material and both the ceramic 
and the metal portions of the laminate. However, it is impor 
tant to avoid an excessive amount of intermetallic phase since 
many of these are brittle. It is necessary to establish custom 
bonding cycles for each speci?c materials combination. 

The advantage of the metallic bag method of the present 
invention relates to simplicity and cost reduction. It also lends 
itself to automation and large volume production. 

While the principles of the invention have been described 
herein, it is to be understood by those skilled in the art that this 
description is made only by Way of example and not as a 
limitation as to the scope of the invention. Other embodi 
ments are contemplated Within the scope of the present inven 
tion in addition to the exemplary embodiments shoWn and 
described herein. Modi?cations and substitutions by one of 
ordinary skill in the art are considered to be Within the scope 
of the present invention. 

What is claimed is: 
1.A method of metallically encapsulating a ceramic core to 

produce armor comprising: 
selecting a ceramic tile, 
fabricating a conformal sheet metal container, 
placing the ceramic tile and an interlayer material in the 

conformal sheet metal container and closing the sheet 
metal container, 

placing the closed conformal sheet metal container in a 
metallic bag, 

closing, evacuating and sealing the metallic bag, 
subjecting the metallic bag to temperatures that cause the 

interlayer material to melt and bond the ceramic tile and 
the conformal sheet metal container. 
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2. The method of claim 1 Wherein the ceramic tile is com 

prised of a ceramic selected from the group consisting of 
alumina, boron carbide, silicon carbide and titanium 
diboride. 

3. The method of claim 1 Wherein the conformal sheet 
metal container is comprised of a metal selected from the 
group consisting of titanium, aluminum, magnesium, steel, 
nickel, tantalum, Zirconium, and niobium. 

4. The method of claim 1 Wherein the interlayer material 
Wets the ceramic of the ceramic tile and the metal of the sheet 
metal container. 

5 . A method of metallically encapsulating a ceramic core to 
produce armor comprising: 

selecting a ceramic tile, 
fabricating a conformal sheet metal container, 
placing the ceramic tile and an interlayer material in the 

conformal sheet metal container and closing the sheet 
metal container, 

placing the closed conformal sheet metal container in a 
metallic bag, 

closing, evacuating and sealing the metallic bag, 
placing the metallic bag in a fumace chamber, 
causing the interlayer material to bond to the ceramic tile 

and the conformal sheet metal container. 
6. The method of claim 5 Wherein the furnace is capable of 

providing controlled temperatures up to peak temperature of 
l,000° C. 

7. The method of claim 5 Wherein the fumace is a braZing 
furnace. 

8. A method of metallically encapsulating a ceramic core to 
produce armor comprising: 

selecting a ceramic tile, 
fabricating a conformal sheet metal container, 
placing the ceramic tile and an interlayer material in the 

conformal sheet metal container and closing the sheet 
metal container, 

placing the closed conformal sheet metal container in a 
metallic bag, 

closing, evacuating and sealing the metallic bag, 
causing the interlayer material to bond the ceramic tile to 

the sheet metal container. 

* * * * * 


